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Recent experiments monitoring the loss of
polychlorinated biphenyls (PCBs) from wet
sediment (1,2) and subaqueous sand (3)
have shown that a strong correlation exists
between water evaporation and PCB
volatile loss, implying that PCBs can be
released during drying of contaminated
solids. Similar relationships between the
volatile loss ofdibenzofuran, phenanthrene,
and pyrene from dredged sediment and the
relative humidity of air have also recently
been described (4). While these findings are
somewhat surprising ifviewed from the per-
spective ofthe perceived relative immobility
of hydrophobic semivolatile compounds
like PCBs, it has long been recognized that
the volatile loss of chlorinated pesticides
from soil is considerably enhanced by mois-
ture (5). This phenomena, termed wicking
in early studies, is related to competition
between water molecules and contaminants
for absorption sites on mineral surfaces (6).
PCB volatilization is enhanced by environ-
mental transformations of parent com-
pounds yielding more soluble and volatile
congeners. In this commentary we briefly
summarize the salient points of this
research, discuss PCB physicochemistry and
volatilization, and speculate briefly on the
significance of these findings in terms of
potential analytical, remedial, global, and
health implications.
Volatile Loss of PCBs from
Wet Sediment
The volatilization of PCBs from soils (7)
and large contaminated water bodies (8) has
been extensively investigated and is thought
to be a major pathway by which PCBs and
pesticides are lost from these reservoirs (9)
and are globally distributed. However, there
is little research available in the peer-
reviewed literature on the volatile loss of
PCBs from sediment (10), despite the find-
ings ofU.S. Army Corp ofEngineers-spon-
sored investigations (11-13). A fortuitous
discovery in our laboratory ofPCB volatile
losses of -75% (n = 4) during evaporation
of water from small amounts of anaerobi-
cally dechlorinated St. Lawrence River sed-
iment during a period of 1 week prompted
additional investigations of this phenome-
non (1-3). Subsequent controlled replica-
tions of this experiment yielded similar
results [73.4 ± 1.5% (mean ± standard
deviation); n = 3]. Experiments designed to
investigate losses over shorter time periods
(24 hr; 18.0 ± 3.2% loss; n = 9) and with
variable initial moisture content were sub-
sequently conducted and were strongly
correlated with water evaporation. The
volatilized fractions recovered in all experi-
ments were predominantly lower ortho-
chlorinated congeners (2, 212, 2/6, 26/2;
IUPAC numbers 1, 4, 10, 19). In experi-
ments ofshorter duration (24 hr) and with
lower initial moisture contents (35-50%),
80-90% ofthe PCB volatile loss occurred
within the first 8 hr and ended when the
sediment dried. In experiments with vari-
able moisture content, an exponential
increase in PCB volatilization was noted
for moisture contents above 26% relative
humidity, equivalent to a monolayer coat-
ing of water molecules (6). Additional




Significant progress in the understanding
ofhow PCBs partition in the environment
and impact organisms has been made in
the last decade. Much ofthis can be attrib-
uted to the development and use ofanalyt-
ical techniques capable of measuring indi-
vidual PCB compounds (congener-specific
capillary column gas chromatography).
Accurate information on how PCBs and
other similar organochlorine compounds
partition and degrade in the environment
is essential to determine their ultimate fate
and ecosystem impact and, consequentially,
to arrive at informed remedial decisions.
Contrary to widely held notions of their
chemicalstability andimmobility, PCBs are
now known to undergo alteration, parti-
tioning, anddegradation in certain environ-
mental systems. Although these concepts
areappreciated by PCB researchers, they are
yet to be fully recognized by the scientific
community at large or integrated into regu-
latorypolicy considerations.
The degree of chlorination of PCBs
determines their physicochemical properties,
such as solubiity, octanol-water partitioning
coefficients, and Henry's Law constants, and
thus their mobility (14). Anaerobic microbial
degradation, resulting in partial dechlorina-
tion ofPCB congeners, has now been report-
ed from numerous localities (15) including
the St. Lawrence (16) and Hudson (17)
Rivers. Although dechlorination is widely
inferred to be environmentally beneficial,
these transformations result in theproduction
of more mobile and bioavailable daughter
products and increase the potential for trans-
port by water or air. Large concentrations of
microbial dechlorination daughter products
with one to three chlorines have been mea-
sured in sediments from theSt. Lawrenceand
Hudson Rivers. Three ofthese (2, 2/2, 2/6)
comprise over 65% ofthe PCBs transported
by waters ofthe upper Hudson River (18). In
contrast to the more highly chlorinated PCB
congeners with solubilities below the part-
per-billion range, these congeners are soluble
at the part-per-million level and have the
highestHenry's Lawconstants (195).
Possible Implications
These measurements of PCB volatility from
biodegraded sediment, although based on
small-scale experiments, may have implica-
tions for the handling ofPCB-contaminated
media. From ananalytical perspective, signifi-
cant changes can be expected as environmen-
tal media are allowed to air dry or evaporate,
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even for short periods. Anticipated changes
indude lowering oftotal concentrations and
alteration of relative congener abundances.
These alterations can mask environmental
transformations; result in erroneous assump-
tions ofaerobic biodegradation (e.g., disap-
pearance of ortho-chlorinated PCB con-
geners); impose bias on retrospective studies
of archived samples; confuse fingerprinting
of contaminant sources; or, because of
reduced concentrations, reduce liability or
result in improperdisposal.
Of greater concern, however, is the
potential volatile losses of semivolatiles
during large-scale remedial, dredging, land
farming operations involving contaminated
solids and the use of contaminated sedi-
ments for fill or landfill cover material. In
particular, PCB mixtures with a high pro-
portion ofmore mobile congeners, includ-
ing those produced by microbial degrada-
tion or originally present in less chlorinated
Aroclors (e.g., 1016, 1242, 1248), have the
potential to lose significant quantities of
PCBs during handling and drying.
Within New York State, a number of
large-scale dredging projects involving cont-
aminated sediments are under considera-
tion. In the St. Lawrence River, over
100,000 yd3 of sediment contaminated
with PCBs (Aroclor 1248) and polycyclic
aromatic hydrocarbons (PAHs) have been
dredged, and additional dredging is
required. Dredging of the upper Hudson
River, which has been debated for two
decades in relation to industrial discharges
of 2,000-4,500 metric tons of Aroclor
1242 (20), could occur in the future. The
PCB fractions of sediments from both the
St. Lawrence and Hudson rivers are domi-
nated by lower chlorinated congeners
(16,21) derived from both microbial
dechlorination and the original Aroclor
composition. A dredging project, prompted
by navigational needs and dwarfing either
of these actions, is planned for the New
York-New Jersey Harbor area and will
involve removal, transportation, and dispos-
al of approximately 4-5 x 106 m3/year of
sediment for 5 years. Alarge portion ofthis
sediment is contaminated with a wide vari-
ety of semivolatile compounds including
PCBs, PAHs, dioxins, and pesticides.
Volatile losses ofcontaminants during stag-
ing, dewatering, drying, transportation, or
upland ofor at contained disposal facilities
are likely and cannot be reliably estimated
from the existing database (4).
Land farming, an increasingly popular
treatment method for contaminated soil or
sediment, also has the potential to release
significant quantities of contaminants via
volatilization. Temporal contaminant
reductions in many land farming operations
have been attributed to bioremediation
with little or no evaluation ofvolatile losses,
despite a considerable body of literature
showing positive relationships between pes-
ticide loss and soil temperature, moisture
content, or precipitation events (5). In
addition, many in situ bioremediation
efforts employ the injection of air or oxy-
gen, or vapor stripping to enhance micro-
bial activity. Little is known of the magni-
tudeofvolatile losses during these activities.
The volatile loss of PCBs and other
semivolatile organic pollutants from soil,
sediment, and water is the primary pathway
responsible for their global redistribution.
Global fractionation theories propose that
the more mobile congeners ofvarious cont-
aminant classes (e.g., PCBs, PAHs, poly-
chlorinated dibenzodioxins and dibenzofu-
rans, chlorobenzenes, chlorinated pesti-
cides) preferentially volatilize, migrate, con-
dense, and fall out in polar regions (22,23),
consistent with their physicochemical prop-
erties (14). The flux, ultimate fate, and
potential impact of these contaminants in
polar regions is largelyunknown.
Long documented to be carcinogenic,
PCBs are now implicated in other human
health effects, including permanent reduc-
tion in IQand altered behavior in develop-
ing fetuses and children exposed to the
mother's contaminant body burden in
utero (24). There is significant evidence
from animal studies implicating ortho-sub-
stituted, lower chlorinated congeners in
these neurotoxic effects (25-28). Given the
potential for volatile releases dominated by
ortho-substituted, lower chlorinated con-
geners during sediment dredging or reme-
dial operations, PCB exposure to local pop-
ulations (25i) warrants further investigation
particularly via inhalation, which has been
largely neglected since the initial studies
carried out by the Halowax Corporation in
1936 (30). Although lower chlorinated
PCB congeners are generally considered to
be rapidly metabolized and excreted, they
have been found in subpopulations offetal
cord blood and mother's milk samples
from upstate New York (31,32), possibly
implying continuous exposure through
inhalation. Studies are needed to evaluate
contaminant air concentrations and the sig-
nificance ofinhalation exposure to popula-
tions residing near activities likely to lead
to volatile releases.
Summary
Contaminated solids (soil, sediment,
sludge) represent significant repositories of
PCBs and other semivolatile compounds
with similar physicochemical properties
currently isolated from circulation.
Alteration of these sediments by microbial
processes results in dechlorination and the
production of more mobile and bioavail-
able daughter products. Experimental data
suggest that lower chlorinated PCB con-
geners are highly susceptible to volatile loss.
during co-evaporation with water. By
extrapolation, similar findings are antici-
pated for other classes ofsemivolatile com-
pounds. Dredging, remedial, or land farm-
ing operations targeting large isolated or
buried contaminant repositories may have
the potential to release semivolatile com-
pounds to the atmosphere. Studies ofcont-
aminant air concentrations associated with
remedial activities and potential exposure
via volatilization to local inhabitants are
sorely needed, as are new guidelines to
address sample analysis and handling. We
urge that the volatility ofsemivolatile com-
pounds be considered in decisions regard-
ing possible remedial intervention, benefi-
cial use, and in design and implementation
ofremedial activities.
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Excellence in basic research at the
National Institute of Environmental Health Sciences
NIEHS scientists and grantees perform basic studies of our susceptibility to environment-related disease:
Demonstrating that a carcinogen in cigarette smoke (benzo(a)pyrene) alters part of a gene to cause lung
cancer...showing the effects offetal exposure to PCBs...developing a strain of mouse that lacks functional estrogen
receptors and that helps evaluate how some pesticides and other estrogen-like compounds might affect development
and reproduction...discovering the genes for breast, ovarian, and prostate cancers...finding women's optimal days of
fertility...seeking to reverse the damage from lead exposure...finding alternatives to traditional
Apnin nting the functions ofspecific genes by eliminating them from specially bred mouse i n
s;ordinary yeast cells, to isolate and clone genes and other fragments of genetic materi
ofurban air on lung function...
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